Aims. We analysed the planetary nebula Hen 2-260 using optical spectroscopy and photometry. We compared our observations with the data from literature to search for evolutionary changes. We also searched for photomertic variability of the central star. Methods. The object Hen 2-260 was observed with the SAAO 1.0m telescope (photometry) and the SALT telescope (low resolution spectroscopy). We also used archival high resolution Very Large Telescope spectra and Hubble Space Telescope imaging. The nebular line fluxes were modelled with the Cloudy photoionization code to derive the stellar and nebular parameters. Conclusions. The temperature evolution of the central star can be traced using spectroscopic observations of the surrounding planetary nebula spanning a timescale of roughly a decade. This allows us to precisely determine the stellar mass, since the pace of the temperature evolution depends critically on the core mass. The method is independent of the absolute age of the nebula. The kinematical age of the nebula is consistent with the age obtained from the evolutionary track. The final mass of the central star is close to the mass distribution peak for central stars of planetary nebulae found in other studies. The object belongs to a group of young central stars of planetary nebulae showing photometric variability.
Introduction
Planetary nebulae (PNe) are the final stage in evolution of stars with initial masses of 1-8 M ⊙ . Low-mass stars lose most of their material via a stellar wind during the asymptotic giant branch (AGB) phase. Once the star has shed its envelope, only a hot core surrounded by a tiny (10 −4 M ⊙ ) hydrogen envelope remains. The star subsequently moves towards the white dwarf regime in the Herzsprung-Russell diagram, where the thermonuclear reactions finally stop.
The pace of evolution critically depends on the final mass of the central star of a PN. The star reaches its maximum temperature on a timescale of several decades for the most massive objects up to several thousands years for low mass central stars (Blöcker 1995) . On its path towards high effective temperatures, the central star passes through the instability strip. Pulsational instabilities in post-AGB stars have been studied by Zalewski (1993) and Gautschy (1993) . Several examples of variable young central stars of PNe have been found by Handler (2003) . Variability was attributed to either stellar wind instabilities or pulsations.
Only in a few cases, a change of the ionizing flux of a central star was observed on a timescale of years or decades. Feibelman et al. (1992) reported a variability of emission lines in the PNe IC 4997 and NGC 6572. More recently, Arkhipova et al. (2013) discovered the variability of the PN Hen 3-1357 and its central star. In the case of NGC 7027, observations at radio frequencies for 25 years allowed for the determination of the central star mass (Zijlstra et al. 2008 ).
PN Hen 2-260
The planetary nebula Hen 2-260 (PN G 008.2+06.8) is located 10 degrees away from the Galactic Center. Hultzsch et al. (2007) modelled the central star of Hen 2-260 with a H-rich model atmosphere with T eff = 28, 000 ± 1500 K. No stellar emission lines were observed, which indicated a low mass loss rate. Hultzsch et al. (2007) derived a spectroscopic distance to the nebula of 11.2 +2.0 −1.6 kpc. Most of the statistical determinations of the distance in the literature for Hen 2-260 are consistent with this result (e.g., 12.17 kpc derived by Zhang 1995; 11 .44 kpc by Van de Steene & Zijlstra 1994 ; 17.0 ± 3.4 kpc by Stanghellini & Haywood 2010) .
The dust shows the presence of amorphous and crystalline silicates (Perea-Calderón et al. 2009; Górny et al. 2010) . Guzman-Ramirez et al. (2011) discovered very faint PAH emission at 8.6 µm.
An excitation class of 0.5 was given to this object by Escudero et al. (2004) . They determined the (reddened) [O iii] 5007 Å line flux to be only 5.1 (Table 1) . Acker et al. (1991) did not observe the [O iii] 5007 Å nebular line in the spectrum taken almost two decades before.
Observations
The photometric observations were done at the SAAO observatory using the 1.0m telescope in five periods between 2010 August 25 -September 1, 2011 March 24-29, 2011 May 4-10, 2011 August 24-30, and 2012 High-resolution spectra were obtained with the Very Large Telescope (VLT) on 2005 April 21 with the Ultraviolet and Visual Echelle Spectrograph (UVES) in three wavelength ranges: 3280-4480, 4600-5600, and 5660-6660 Å with the spectral resolution of about λ/∆λ = 60 000. Three 600-s exposures were made. The slit was 11 arcsec long and 0.5 arcsec wide. The spectrum was flux calibrated using a standard star observation. The line flux uncertainty derived from the comparison of the fluxes of the same lines measured in individual spectra is about 2% for the strong lines and 6% for the lines ≤ 1% of the H β flux.
The SALT low-resolution spectra were obtained on 2012 May 29 with the 900 l/mm grating. The 1 arcsec wide and 8 arcmin long slit was used. The spectral coverage was 4350-7400 Å with a spectral resolution of about 6000 at the central wavelength. Two spectra were taken with exposure times of 120 and 900 sec. Most of the fluxes used in this work were derived from the 900 sec spectrum, except for the Hα, The spectra were flux calibrated using the standard star observation taken during the same night. Line fluxes were measured from both spectra and compared. The line flux uncertainty derived from the comparison of 120 and 900 sec spectra is about 5% for the strong lines, 10% for the lines ≤ 1% of the H β flux, and 25% for ≤ 0.2% of the H β flux.
The Radcliffe 1.9 m telescope low-resolution spectra were obtained using the grating spectrograph with a 1.5 arcsec slit between 2012 May 5 and 9. The total exposure time was about 3 hours. The wavelength coverage is from 3625 to 7600 Å and the spectral resolution of about 2500 at the central wavelength. The spectra were flux calibrated. A different set of flux standards was measured during each night. The uncertainty of the fluxes is about 5%, measured from the spectra collected in different nights.
Some of the nebular fluxes may be affected by the underlying stellar absorptions. This applies to faint He i absorption lines in the low-resolution spectra. The He i fluxes may be systematically higher in the VLT spectrum than in the low resolution spectra.
The data were reduced using the iraf package. We used the isis difference image analysis package to obtain magnitudes. This allows us to avoid the instrumental effects caused by the presence of a resolved nebula. Otherwise, the nebular contribution may degrade the quality of the lightcurve.
To search for periodic variability, we used the period04 program (Lenz & Breger 2005) and the analysis of variance (ANOVA) method (Schwarzenberg-Czerny 1996) . The central star is clearly visible in the F547M (continuum) and F502N ([O iii] 5007 Å) filters. The V-band magnitude of the central star, measured using the F547M filter image, is 14.13 ± 0.03. We observe a faint, extended nebular component in the F547M filter image (and probably in F502N, too) after the deconvolution was performed with the point spread function (PSF) that was generated with the TinyTim tool (Krist et al. 2011 ). However, a residual PSF pattern (diffration spikes and the Airy rings) is clearly present in the images and hampers the analysis of the F547M and F502N filter images. The brightest parts of the nebula in the Hα image are located at a projected distance of about 0.2 arcsec away from the central star, which is similar to the radius of to the 1st Airy ring.
Results

HST imaging
We obtained log F(Hα)= −11.19 ± 0.03 erg cm −2 s −1 from the HST image, using the calibration formulae given by Dudziak & Walsh (1997) . The Hα line equivalent width is about −670 Å, while the F656N filter width is 21.5 Å. Thus, the continuum contribution to the F656N inband flux is only about 3%.
We 
Optical spectra
We obtained the extinction of c(Hβ) = 0.69 ± 0.09 by using the Hα to Hβ line flux ratio and by assuming the standard value of the total to selective absorption ratio R V = A V E(B−V) of 3.1. The optical spectra were dereddened using the extinction curve given by Fitzpatrick (1999) .
The ratio of the radio continuum flux at 5 GHz and the observed Hβ flux (both quantities are given in Table 2 ) can also be used to obtain the extinction (e.g., Pottasch (1984) ). The predicted (dereddened) log F(Hβ) flux is −11.37 erg cm −2 s −1 , which gives c(Hβ) of 0.76 ± 0.11. Pottasch & Bernard-Salas (2013) obtained the extinction c(Hβ) of 1.06 by using the H(6-5) 7.46 µm and H(7-6) 12.37 µm line fluxes. They suggested that the discrepancy between the extinction obtained by using radio continuum flux and the infrared hydrogen line fluxes could result from the non-negligible optical depth at radio frequencies. However, Hen 2-260 has a brightness temperature of only 920 K at 5 GHz (Aaquist & Kwok 1990) . Using the emission measure computed in the Cloudy model, we determined the optical thickness of τ 1.4GHz = 0.45 and τ 5GHz = 0.03. The observed fluxes of the radio spectrum are consistent with those results. The agreement of the extinction determinations using the optically thin 5 GHz with the extinction from the Balmer decrement validates our choice.
The nebular line fluxes are shown in Table 3 (SALT and 1.9 m Radcliffe telescope spectra) and Table 4 1 (VLT spectrum). We compared the observed and theoretical ratios of the pairs of lines coming from the same upper levels to assess the reliability of the error determinations of the nebular fluxes. The transition probabilities were taken from the following: Nahar & Pradhan (1996) 2 . The average χ 2 was 0.38 for the six ratios determined from the SALT spectrum and 1.32 for the VLT spectrum for the nineteen ratios. We assumed a 20% uncertainty for the transition probabilities for the [Fe iii] lines, 15% uncertainty for the [Fe ii] lines, 6% to 15% uncertainty for the Si ii lines, and negligible uncertainty for the remaining lines. The main sources of the high value of χ 2 derived for the VLT spectrum were the [N ii] 6584/6548 Å line flux ratio and the Si ii 5958/5979 Å line ratio. The 6584 Å line flux can be affected by uncertain calibration close to the edge of the wavelength range. The Si ii 5958 Å line flux can be affected by the nearby O i emission. We obtained an averaged χ 2 of 0.80 for seventeen remaining flux ratios. Good agreement between the theoretical and observed flux ratios confirms that we derived reliable uncertainties for the fluxes.
We compared the fluxes derived with the SALT telescope with the fluxes published by Escudero et al. (2004) . Some of the fluxes agree very well (Table 1) (2004) used a 2 arcsec wide slit; a 1 arcsec slit was used in the SALT spectrum; a 1.5 arcsec slit for the 1.9 m Radcliffe telescope spectrum; and the VLT spectrum was obtained with a 0.5 arcsec slit.
The spectra obtained more recently could be more sensitive to the inner regions of the nebula compared to the spectra obtained before, due to light loss on the slit. This could affect the observed [O iii] 5007 Å to Hβ line flux ratio.
The spectrum published by Escudero et al. (2004) was obtained with a 2 arcsec wide slit, which did not resolve the nebula. The SALT spectrum was obtained with a 1 arcsec wide slit, which could resolve the nebula, but only under very good seeing conditions. However, the seeing during the SALT observation was about 1.3 arcsec, a value that is comparable to the extent of the nebula. The seeing during the 1.9 m Radcliffe telescope observations, which were obtained in the same year, varied between 1.3 and 1.9 arcsec. The SALT and 1.9 m Radcliffe telescope spectra show a consistent [O iii] 5007 Å flux, a value that is higher than in the spectrum by Escudero et al. (2004) and also higher than in the VLT spectrum, which was obtained with the most narrow slit of all the observations used in this work. This confirms that the flux increase is real. 
Torun model
The object Hen 2-260 is obviously a bipolar nebula; however, it is not extremely elongated. We think of it as composed of a barrel-shaped main body with moderate extensions (low density lobes) in the axial direction (which is nearly in the plane of the sky). We propose to approximate this PN with a spherical model, which certainly corresponds to the dominating dense barrel. We expect that the lobes contribute a little to the total line fluxes, and by considering the low spatial resolution of spectroscopy, we expect that skipping the lobes is not a bad approximation.
We applied the Torun photo-ionization codes to de-compose the structure of the nebula (Gesicki & Zijlstra 2003) . The star is assumed to be a black body. The nebula is approximated as a spherical shell with a radial density distribution that is similar to a reversed parabola and a velocity field that linearly increases with radius. Locating the best-fit parameters is aided by a routine with a genetic algorithm. The code calculates 1-dimensional (radial) emissivity profiles. Assuming spherical symmetry, they are converted to the observed projected intensity profiles. These profiles are compared with the slices along the minor axis of the HST images, which are averaged over 9 pixels. The model density distribution is manually modified at the maximum, the inner radius and outer radius to obtain a best similarity (judged visually) between both images. With the derived density profile, a genetic algorithm searches for the stellar parameters and for the nebular ionised mass that best fit the line flux ratios. Later, the profiles of lines with different ionization states, tracing different radii within the nebula are fitted to obtain the radial velocity profile within the nebula.
It was relatively straightforward to find a density profile that reproduced the Hα slice down to the level of 10% of the maximum intensity (Fig. 4) . The low density outer regions could be, in principle, extended further out to reproduce the halo; however, the PN is more complicated than a sphere, so we therefore did not go further with fine-tuning of the density distribution. The density contrast between the maximum and the halo is around 10. The [O iii] line is very weak in Hen 2-260, so we see mainly the very strong stellar continuum in the HST image. The scaled-to-unity image certainly is not appropriate to compare with the model. We show the [O iii] image scaled accordingly to its strengths relative to Hα in Figure 4 . The nebular emission is well localised in the lowest intensity area.
The Torun model takes a limited number of most representative emission lines into account. They are taken from SALT spectrum analysed in this paper. The automated search routine found this fit for a stellar temperature of 25,200 K and a luminosity of 1400 L ⊙ with nebular ionised mass of 0.01 M ⊙ .
Cloudy modelling
We computed a grid of models to fit the observed fluxes using Cloudy c10.01, as described by Ferland et al. (2013) . The distance of 12 kpc was adopted. We used a spherical model of the nebula with a constant density. Central star radiation was modelled with TLUSTY model atmospheres (Hubeny & Lanz 1995) . The stellar luminosity, temperature, inner radius, nebular density, and elemental and grain abundances were varied to find the best solution (van Hoof & van de Steene 1999) . The model used silicate grains. We used the 90 µm flux as a stopping criterion.
Initially, we did not include the full list of the singly and doubly ionised iron transitions. We added the iron lines to the model after the solution converged. All the observational constraints used are given in the Table 2 . The full list of line fluxes obtained from the SALT spectrum and modelled with the Cloudy is given in the Table 3 .
There is a severe discrepancy in the elemental abundances obtained by other authors and us (Table 2) . Chiappini et al. (2009) report large uncertainties for the determination of nebular abundances for Hen 2-260 due to poorly known ionizing correc- Aaquist & Kwok (1990) c for the adopted distance of 12 kpc, Gesicki & Zijlstra (2007) d for the adopted distance of 8 kpc, Hultzsch et al. (2007) e Frew et al. (2013) f Escudero et al. (2004) g Chiappini et al. (2009) h Acker et al. (1992) i Hultzsch et al. (2007) tion factors for this object. The V-band magnitude of 13.4 (assuming the distance of 12 kpc) is a bit fainter than the observed brightness (Figure 1) , taking the extinction into account. Some differences between the observed and modelled fluxes for individual lines exceed the observational uncertainties, but all the diagnostic line ratios agree very well with the ratios predicted by the model.
After the Cloudy models converged to the best solution, we ran a grid of models for different temperatures, which ranged from 34.6 to 35.8 kK to fit the temporal evolution of the [O iii] 5007 Å line flux. We have chosen this line because it is not affected by stellar absorptions, it is stronger than other high excitation lines, and it is very close to the Hβ line, so the flux ratio of both lines is not very sensitive to the wavelength-dependent calibration errors, such as atmospheric extinction correction or differential atmospheric refraction. We also scaled the nebular density and inner radius, assuming a constant expansion rate.
The observed [O iii] 5007 Å flux was best modelled with the stellar temperature of 34875 ± 91 K in 2001, 34944 ± 20 K in 2005, and 35289 ± 52 K in 2012. The temperature uncertainties correspond only to the standard deviation of the [O iii] 5007 Å line flux. Systematic error is larger, but it is similar in all the temperature determinations and is cancelled out when computing the difference between the temperatures. Thus, the heating rate can be firmly established.
The observed heating rate of 45 ± 7 K yr −1 can be modelled with the post-AGB evolutionary track that is interpolated for the final mass of 0.626
by using the models published by Blöcker (1995) or Table 3 . Observed, dereddened, and modelled line fluxes of Hen 2-260 obtained with the SALT and 1.9 m Radcliffe telescopes that are normalised relative to F(Hβ) = 100. −0.016 M ⊙ ) by using Vassiliadis & Wood (1993) at a one (two) sigma confidence level ( Figure 5 ).
The mass errors correspond to the heating rate uncertainty. The mass of the star is very close to the peak of the mass distribution for central stars of planetary nebulae of 0.61 M ⊙ (Gesicki & Zijlstra 2007) . The age of the central, spherical component of the nebula of the order of 1000 years (for a distance of 12 kpc, r out = 0.25 arcsec and V exp = 20 km s −1 ) is in better agreement with the post-AGB evolutionary track value given by Blöcker (980 years) than Vassiliadis & Wood (480 yr) . However, the age of the object determined from the evolutionary tracks depends on the limited accuracy of the absolute temperature determination of the star. If we adopted 28,000 K instead of about 35,000 K, which is modelled with Cloudy, then the derived age would be reduced by about 200 yr. On the other hand, the age depends on the adopted zero scale by the evolutionary models.
The Cloudy models predict a 16% flux increase for the He i 5875 Å line, a 13% increase for the He i 6678 Å line, a 20% increase for the He i 7065 Å line, and a 18% increase for the [Ar iii] 7135 Å line between 2001 and 2012 ( Figure 6 ). We observe a faster flux increase for those lines. However, those lines are fainter than the [O iii] 5007 Å line, and some of them can be affected by the stellar absorptions, so the flux change determination is less reliable.
A significant systematic error may affect the determination of the absolute central star temperature. However, the heating rate depends primarily on the central star mass and does not change steeply during the evolution of a star between 20,000 and 140,000 K (Figure 7) . The mass derivation based on the heating rate does not depend on the absolute age of the nebula, unlike the dynamical method used by Gesicki & Zijlstra (2007) .
Optical photometry
The central star of the PN Hen 2-260 shows photometric variability on a timescale of hours or days (Figure 8) . Photometry taken at individual nights cannot be clearly seen in the bottom of Figure 8 due to large time range of the observations shown. Two best sampled individual nights are plotted at the top of Figure 8 . The observations do not indicate sinusoidal variations. The amplitude of the variability is of the order of 0.1 mag in the I band. However, the real amplitude may be somewhat higher, since the nebular contribution was not removed. No single dominant periodicity can be identified in the power spectrum ( Figure 9 ). The power spectrum is noisy; however, two strongest peaks can be identified at 0.68 and 1.68 d −1 . The latter one may be the alias of the former. Another peak is present at 1.06 d −1 . The photometric data were taken non-uniformly during different seeing conditions. We cannot draw firm conclusions regarding the nature of the photometric variability of Hen 2-260. It could be caused by pulsations, magnetic activity of the star, binarity, or a combination of those.
We do not detect any emission lines originating from the stellar wind in the VLT spectrum; thus, the variability of the central star can be most likely attributed to stellar pulsations. Our object fulfills the criteria of a group of variable CSPNs (Handler 2003) : the temperature between 25 and 50 kK, (semi)regular variability on a timescale of several hours and hydrogen-rich spectra. However, more uniform coverage that is compatible with the variability timescale of the object would be needed to constrain the nature of the variability.
Discussion
The spectra of most of PNe are usually observed only once in a lifetime. Most of the PNe included in the largest catalogue of the PN fluxes to date, which are provided by Acker et al. (1992) , have never been observed again. Our results show that monitoring of nebular fluxes may be used as an excellent tool to study the evolution of central stars of PNe. Spectroscopic observations of a PN that cover a time span of only a decade can already reveal the temperarure change of its central star. The derived heating rate of central stars is steeply dependent on the mass of the star. The comparison of the heating rate with the post-AGB evolutionary models can provide precise mass determinations. We discovered a 50% increase of the [O iii] 5007 Å emission line flux in a period of eleven years in Hen 2-260. The pace of the evolution of the central star and the kinematical age of the PN are consistent with the existing evolutionary models. Further observations will allow us to determine the heating rate and mass of the star more accurately.
